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The first measurements of the depolarization ratios for vibra-
tional bands of dissolved and molten benzoic acid, obtained by 90° 
Raman scattering, are reported. The number of observed depola-
rized bands is smaller than that expected for a planar structure. 
The results obtained in the present measurements and some steric 
considerations related to the benzoic acid dimer structure, support 
the assumption of a non-planar conformation. 
INTRODUCTION 
Although the X-ray analysis of solid bezoic acid /BAC/ at room tempe-
rature is known since a long time,1 the problem ·of the proton-pair ordering 
in hydrngen bonds and some details related to the dimer planarity remain 
still unsettled. 
Anomalies in the low temperature IR2>3 and NMR4 spectra are als•o known. 
In order to explain them Hayashi et al. assumed2- 4 that two possible dimer 
structures (two orderings of proton pairs with a slight energy difference) 
exist in the crystal. 
In a most recent X-ray analysis' at room temperature the proton-pair 
disorder was observed: a significant electron density peak on the difference 
F1ourier map was situated in the middle of the 0 · · · H-0 bond. A very small 
angle (1.5°) between mean planes of the carboxyHc and benzene rings was 
determined. 
In all studies of solid BAC performed so far, Hayashi's mode12- 5 was 
invariably used and the planarity of the dimer was assumed in order to 
-explain the observed anomalies. The observed phenomena were, however, not 
satisfactorily reproduced using this model. 
The temperature dependence of the BAC crystal Raman spectrum, in 
particular the doubling of some bands and their intensity variation with the 
temperature (our unpublished results) disagree with the predictions of the 
Hayashi's model. Actually, the features observed in the low-temperature 
Raman spectra could be explained in terms of the non-planar dimer con-
formation. Another indication of the dimer non-planarity arises from steric 
considerations: intramolecular non-bonded 0 · · · H distances inside the planar 
monomer as well as intermolecular 0 · · · H distances between neighbouring 
dimers, in the crystal [l,1,0] direction, are shorter than the corresponding sum 
of the van der Waals radii. 
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The main purpose of the present study is to verify the generally accepted 
assumption that the BAC dimer is planar . As a first step we shall consider 
the problem of the planarity of the dimers in the solution and in the melt. 
This could make it easier to draw further conclusions about the conformation 
in the solid state. 
EXPERIMENTAL 
All Raman spectra were recorded with a modified LOMO DFS-12 spectrometer 
using the 4880 A excitation line from an Ar' laser Spectra Physics 164-03. A lense 
of 50 mm focal length was used to focus the laser beam on the sample. The light 
scattered at 90° was collimated by a Minolta lense (aperture 1 : 1.2 and 58 mm focal 
length) and analyzed with a Polaroid film. A 'A./2 plate in front of the entrance slit 
ensured the polarization to be always perpendicular to the grating's grooves. A 
cooled EMI 9558A photomultiplier was used to detect the spectrum and the anode 
pulses were amplified, discriminated and counted with a SSRI (PARC) 1120, 1110 
system. The recorder Goertz, Servogor S, registered their analogue value. 
The polarization of the incident beam was kept perpendicular to the scattering 
plane during all measurements. The depolarization ratio values determined in such 
conditions !? J_ (rr/2) = I .. /I .l are in the range O ::; !? .l (rr/2) ::; 3/4. The depolarazation 
ratios of the bands corresponding to the totally symmetrical vibrations vary in the 
full range 0 :S. (l .l < 3/4 excluding the value !? J_ = 3/4. On the contrary, the ratios 
of bands corresponding to non-totally symmetrical vibrations have a single 
value !.l .l = 3/4 (see ref. 6, page 92) . In the present study we shall concentrate our 
attention on the depolarized bands, !.l.l = 3/4. 
BAC solution spectra were recorded with incident beam power of 200 mW. 
For the BAC melt spectra laser powers at the sample of 200 and 600 mW were used. 
Merck p. a. grade substances were used without further purification. The sam-
ples were prepared by adding 10°/o of pure solvent to the saturated solution. Finally, 
all solutions were filtered to remove undissolved particles. 
RESULTS 
We found the signal-to-noise ratio to be satisfactory for the given expe-
rimental conditions. For example, the observed background spectrum counting 
rate of 25 counts per second (c/s) was found for pure CC14 with analyzer in 
the perpendicular position. The peak intensity counting rate of the band at 
458 cm-1 was 233000 els under identical conditions. The optical set-up for the 
depolarization measurements was checked by determination of the depolari-
zation rati'os for bands of pure CC14, benzene and formic acid. Results of 
these test-measurements agreed very \vel.l with those of other authors. 
Wavenumbers of the characteristic di.mer and monomer bands are known 
from earlier Raman measurements (e.g. refs. 7, 8). In our spectra only weak 
monomer bands are observed and, owing to their significant separation, these 
bands do not d isturb the determination of the depolarization ratio for the 
dimer bands. Fm isolated Raman bands of the BAC dimer the depolarization 
ratio was determined by taking into account values of the peak intensity. The 
same r esults were obtained assuming a triangular band shape. 
During the course of this work a large number of spectra has been recor-
ded and we chose only the most representative ones. Figure 1. shows the 
spectrum of BAC dissolved in CC14 in the frequency range 1100-1350 cm-1 
with the analyzer in both positions. The three bands of lower frequency are 
assigned to the characteristic vibra tions of the monosubstituted benzene deri-
vatives, while the remaining two are assigned to vibrations of the carboxylic 
ring predominantly of C-0 stretching and C-0-H bending character. 
Actually, in the crystal spectrum 2,t low temperatures, these bands split into 
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Figure 1. Raman spectra IJ and I ll of benzoic acid dissolve d in CCI, . , 
two components, which a t very low temperatures exhibit a well determined 
shoulder. Therefore, each of the two bands observed at room temperature· is 
apparently due to a coincidence of the carboxylic- an d aromatic-ring vibra-
tions. The spectrum of molten BAC, shown in Figures 2a and b, h as been 
recorded at T = (132 ± 2)°C. The complete sets of depolarization ratios for 
various BAC solutions at room temperature and those for BAC m eh at 132 °c 
are listed in Table I. The error in the depolarization raho is . estimated to 
be ± 100/o (if not stated otherwise). The depolarization ratio has been deter-
mined even in cases where the intensity I,, was extremely weak or in cases 
of bands which are close to a strong band of the solvent. The error has been 
estimated to be ± 300/o and Q 1 is marked in Table I by an asterisk. · 
The depolarization r atio has been determined for 17 of the 22 observed 
bands presented in Table I. The bands at 190, 610, 810, 1162 and 1602 cm-1 
exhibit a high degree of depolarization but_g p.ly the ba,nd at ~9Q _~m-1 can be 
considered to h ave g 1 ,;,-3/4. In -previously mentioned measurements, perfor-
med on benzene and formic acid, the values of the measured depolarization 
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Figure 2a) and b) . Raman spectra Il and I ll of molten benzoic acid. 
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TABLE I 
Depotarization Ratio of Raman Bands f or Dissoived and Motten B enzoic Aci d Dimers 
Depolarization ratio QJ_ (rt/2) 
Frequency Solution in Polarization' (cm-1) BAC 
CCl4 CH2Cl2 CHCls CS2 melt 
1653 0.22 0.24 0.15 0.17 0.23 p 
1602 0.46 0.50 0.37 0.53 0.52 p 
1586 p b 
1460 p b 
1440 p b 
1320 0.27 0.27 0.16 0.21 0.28 p 
1285 0.20 0.21 0.14 0.19 0.23 p 
1180 0.11* 0.10'' 0.15* 0.11* p 
1162 0.72 0.43 0.55 0.66 p 
1130 0.04* 0.02* 0.08* 0 . .13* p 
1025 0.02 0.02 0.02 0.02 p 
1000 0.02 0.03 0.02 0.03 0.03 p 
990 0.05'' 0.07* 0.03* 0.10* . p 
930 
810 0.60* 0.43* p 
785 0.03 0.04* 0.02 p 
660 0.27* p 
610 0.46 0.75 0.55 0.75 p 
505 0.45* p 
410 0.51 0.23 p 
250 
190 0.70* 0.50* 0.75* D 
• The error of depolarization ratios is estimated to be ± 30'/o. 
• The conclusion on the bands polarization is derived f rom present measurements. 
b The conclusion on the polarization of these bands is derived from their position in the spect rum. 
to 0.7. Therefore, the lower values obtained for BAC melt can not be caused 
by an experimental error. From the 17 bands, whose depolarization ratio has 
been determined, only one is depolarized while the other 16 bands are 
polarized. 
DISCUSS ION AND CONCLUSIONS 
Assuming that in the considered experimental conditions the structure 
of the BAC dimer is planar (C21, symmetry) we expect in the Raman spectrum: 
29 polarized bands of species A g (0 :o; Ql < 3/4) and 
13 depolarized bands of species Bg (Q J_ = 3/4). 
In the spectral region from 160 to 1700 cm-1, in which we are able to observe 
well resolved BAC bands, we expect 21 bands from the first and 12 from 
the second group. However, from the 33 expected bands, only 22 were observed 
and for 17 of these bands the depolarization ratio could be measured. 
Besides, the bands at 1440, 1460 and 1586 cm-1 could certainly be consi-
dered also as polarized, even if their depolarization ratios were not determined. 
These bands correspond to well-known in-plane vibrations of the monosub-
stituted benzenes which, for the C2h symmetry, are totally symmetric. There-
fore, assuming a planar structure for the dimer, instead of the 21 polarized 
and 12 depolarized expected bands we observe 19 polarized and 1 depolarized. 
The number of observed depolarized bands (only 1) is too small compared 
to the expected number from the C2,. symmetry group. It is, of course, well 
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known that depolarized bands are generally weaker, and often cannot be 
observed in the Raman 'spectrum. However, · in our spectra there are bands 
at 810 and 990 cm-1 which certainly correspond to out-of-plane vibrations 
of monosubstituted benzenes9 and as can be seen from Table I, they are not 
depolarized. 
The present results on the number of depolarized bands in the Raman 
spectra of the free dimer as well as the steric considerations point out that 
the assumption of the planar structure should be revised. Consequently, the 
dimer symmetry is lower than C21, . Two symmetry groups are possible: C 
or C;. The fi rst one can be excluded since the separation of the IR and Raman 
active vibrations is conserved .in all spectroscopic investigation::; performed 
so far. Thus, the symmetry of the dimer is C;. 
From measurements of this kind it is impossible to extract the angle 
between the two planes. However, the angle between the planes of the 
carboxylic and of the benzene rings for substituted benzoic acids in solid is 
usually betw een 5° and 3oa. Most probably, the carboxylic ring of the benzoic 
acid departs from the mean plane of the benzene rings by a similar angle . 
After this work was completed, a paper by R. Feld et al. 10 appeared 
\Vith new results on the solid BAC structure obtained by X-ray and neutron 
diffraction at room and low temper:ature. The slight non-planarity and a 
disorder of the proton pairs are here confirmed. An attempt is made to 
interpret the results obtained a t low temperature by the model of proton~pair 
disorder proposed by Hayashi, but the agreement is apparently poor. The 
dimer non-planarity (e.g. double minimum potential for a coordinate descri-
bing a torsion) might be much more useful in explaining the crystal structure 
and the anomalous temperature dependence of solid BAC spectra. 
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SAZETAK 
. Omjer depolarizacije Q J_ (n/2) Ramanovih vrpci dimera benzojevc kiselin1J u 
otopinama i talini 
Kresimir Furic 
Po prvi puta je odreden omjer depolarizacije Q J_ (n/2) vibracij skih vrpci otopina 
i taline benzojeve kiseline, s pomocu Ramanova rasprsenja na 90°. Broj opai:enih 
depolariziranih vrpci premalen je u usporedbi s brojem koji proizlazi iz pretpostavke 
o planarnoj konformaciji. Na temelju mjerenja i sterickih razmatranja izveden je 
zakljucak o neplanarnosti dimera. 
